Purpose To determine the characteristics associated with cancer survivors which indicate continued cigarette smoking at or around the time of cancer diagnosis. Methods A total of 631 survivors were recruited in four cancer centers in Memphis, TN, between March 2015 and June 2016. To increase the probability of accurate reporting, surveys were conducted anonymously. A total of 112 respondents reported they were current smokers and 202 reported they were former smokers (n = 314), who comprised the sample. Results We found that the rate of daily e-cigarette use among cancer survivors who smoked was 15.2% versus 3.9% in cancer survivors who no longer smoked. The national rate of adult e-cigarette use is 3.5%. Multivariate models correlated the characteristics of current versus former smokers and revealed that increasing age (aOR = 0.97, p < .0001), decreasing education (aOR = 2.39, p < .02), and current use of e-cigarettes (aOR = 3.74, p < .00045) were frequently associated with current cigarette smoking. Conclusions While age and gender were associated with continued smoking, current use of e-cigarettes was associated with almost four times higher odds of being a current smoker. Further research is needed to determine if use of e-cigarettes deters or promotes the smoking cessation process, at least in cancer survivors. Implications for Cancer Survivors Among cancer survivors who continue to smoke after a cancer diagnosis, use of e-cigarettes is highly prevalent; research is needed to determine whether use of e-cigarettes promotes, has no effect, or hinders smoking cessation efforts among this vulnerable population.
Introduction
Cigarette smoking is the single most important preventable cause of morbidity, mortality, and excess health care costs in the USA, causing approximately 480,000 premature deaths annually and accounting for 30% of all cancer deaths [1] . Despite numerous public health and anti-smoking campaigns, the prevalence of current smoking among US adults is approximately 15% [2] . Smoking increases the risk of the following types of cancer: nasopharynx, nasal cavity and sinuses, lip, oral cavity, pharynx, larynx, lung, esophagus, pancreas, uterine cervix, ovary, kidney, bladder, stomach, colorectum, and acute myeloid leukemia [1] . Over 90% of lung cancer mortality [3] and 80% of deaths from chronic obstructive lung disease are attributable to smoking [4] .
No population is in more need of quitting smoking than cancer survivors. Since 1996, the National Coalition for Cancer Survivorship defines Bcancer survivor^as any person diagnosed with cancer from the time of initial diagnosis until his or her death [5] . In 2016, an estimated 15.5 million individuals were cancer survivors [6] .
Approximately 50% of cancer survivors continue to smoke after their diagnosis [7] , and smoking cessation among cancer survivors is an escalating concern as their numbers in the USA grow [8] . Smoking cessation carries numerous benefits, even after a cancer diagnosis, including a greater response to cancer treatment [1, 9, 10] and reduced risk of mortality [1, 3, 9] . Cancer survivors who continue to smoke are at a higher risk than non-smoking survivors for secondary primary cancers as well as a wide range of other conditions causally associated with smoking, including diabetes, cardiovascular disease, impaired immune function, rheumatoid arthritis, dental disease, pain-related impairment, and more [1, 11] . Given the large population of cancer survivors who smoke and the importance of smoking cessation in this population, a critical need exists to understand both the barriers and facilitators of smoking cessation in this very high risk population, particularly since conventional behavioral and pharmacologic smoking cessation programs are not effective at increasing the smoking cessation in cancer survivors [12] . That is, while about half of all smokers quit upon learning their cancer diagnosis [7] , relapse rates among those that quit are high and the remaining half are recalcitrant to even aggressive behavioral and pharmacologic smoking cessation programs [12] .
Previous studies have found that cancer survivors continue to smoke due to lower self-efficacy, lower perceived risk perceptions [13] , higher exposure to second hand smoke [14] , less extensive disease, and less severe treatment [15] . We build upon this previous work in the current study by identifying factors that prevent cancer survivors from successfully quitting. Our sample comprises cancer survivors who were either current (n = 112) or former (n = 202) smokers.
Methods

Design and setting
This study was a cross-sectional assessment of smokers' readiness to quit smoking among cancer survivors. We recruited and surveyed participants at the four Methodist Health Clinics and West Cancer Center locations in and around the Memphis, Tennessee area.
Participants and eligibility
We defined a cancer survivor as recommended in the literature, i.e., any person diagnosed with cancer, from the time of initial diagnosis until his or her death [5] . Subjects were eligible to participate if they were (1) ≥ 18 years of age; (2) currently receiving treatment at one of the West Cancer Centers; and (3) have received and understood the informed consent. Patients interested in participating were referred to a research associate to assess eligibility and describe their participation in the study. Cancer diagnosis and type of cancer were selfreported. We did not limit participation based on type of cancer or tumor site. Once consent was obtained, the participant had the option to complete the survey individually or have the research associate read the survey to them. To increase the probability of honest responding, the survey was completely anonymous and was approved by the oversight Institutional Review Board.
Measures
The survey assessed (1) demographics, (2) smoking history, (3) readiness to quit smoking (including stages of change), (4) self-efficacy to quit (measured on a fivepoint scale with 5 being extremely confident), (5) reasons for smoking (measured on a five-point scale with 5 being extremely true), (6) perceived benefit of quitting smoking (measured on a five-point scales with 5 being strongly agree), and (7) cancer diagnosis and status (being evaluated, diagnosed but not started treatment, receiving treatment, diagnosed with surgical removal, diagnosed with treatment and now in remission). Other smoking history questions included the Fagerström Test for Nicotine Dependence (FTND) [16] , years smoked, prior quit attempts, and prior methods used to quit smoking. Current smokers were defined as those who reported smoking at least 100 cigarettes in their lifetime and are currently smoking, as compared to those that have quit smoking.
Statistical data analysis
Statistical analyses were conducted using SAS/STATv14.1 (SAS Institute Inc., Cary, NC). Descriptive statistics including means and their standard deviations or frequencies and proportions of key demographic and tobacco variables were computed for the overall study population and by readiness to quit. Differences in means between the respective groups were tested using two-sample t test while differences in proportions were compared using a χ 2 test or Fishers' exact test, respectively. We applied a multivariate logistic regression model to determine the relative odds with which demographic variables and other factors (cancer diagnosis, cancer status, smoking history, and self-efficacy) were associated with current smoking status. Covariates significant at p < 0.1 in the univariate analyses (see Table 1 ) were considered and entered into a multivariate model. Variables included age, education, cancer status, non-cigarette tobacco product use, number of tobacco products used, years smoked, trying to quit now, tried to quit in the past, believed quitting would increase chances of cancer survival, and believed quitting would decrease cancer recurrence. FTND was not included in the final model, as it was a priori assumed that it would strongly predict differences between current and former smokers, with current smokers more likely to have higher FTND scores. The model was reduced 
Results
We surveyed a total of 631 cancer survivors at four locations around the Memphis, TN area. Participants were predominantly female (63.8%), white (59.8%), non-Hispanic (99.5%), with average age of 60.7 years (SD = 14.2), and a little over half were married (54.1%), had greater than a high school education (57.4%), and were currently being treated for cancer (51.3%).
Nearly half of the sample reported smoking at least 100 cigarettes in their lifetime with 17.8% self-identifying as current smokers and 32.0% as former smokers. Our analytical sample consisted of only current and former smokers (N = 314); therefore, current smokers made up 35.7% of observations and former smokers 64.3%. Current smokers (N = 112) reported smoking an average of 34.3 years (SD = 13.5), with an average of 13.3 (SD = 10.3) cigarettes per day for the previous 7 days. Even though former smokers reported not currently using cigarettes, they did report using other tobacco products such as smokeless tobacco (5.9%), snus (2.5%), hookah (1.9%), and electronic cigarettes (3.9%).
Univariate comparisons (see Table 1 ) indicated that current smokers were more likely to be younger (58.9 vs. 64.4 years; p = 0.0002), have lower education (18% vs. 11% less than high school; p = 0.0562), currently undergo treatment (60% vs. 47.8%; p = 0.0076), currently use electronic cigarettes (15.2% vs. 3.9%; p = 0.0004), having received a doctor's advice to quit (74.5% vs. 62.8%; p = 0.0548), having received information on stop smoking resources (42.9% vs. 26.4%; p = 0.0072), and trying to quit cold turkey (68% vs. 9.6%; p < 0.0001).They were less likely to try other methods as means of quitting such as prescription medication (81.3% vs. 94.5%; p = 0.0009), tobacco quit line (95.2% vs. 99.4%; p = 0.0326), and electronic cigarettes (88.9% vs. 96.3%; p = 0.0301). Smokers also had higher scores on the FTND (3.8 vs. 1.8; p = 0.0068).
Multivariate models confirmed some of the univariate findings (see Table 2 ). When univariate comparisons were adjusted for other variables in the model, three significant differences remained. First, increase in age was associated with decreased odds of current smoking (aOR = 0.97; 95% CI 0.95-0.99; p < 0.0001). Second, those cancer survivors with less than high school education had over two times higher odds of being a current smoker (aOR = 2.39; 95% CI 1.17-4.93; p = 0.0172), compared to those with more than high school education. Finally, those currently using ecigarettes were associated with almost four times higher odds of being a current smoker (aOR = 3.74; 95% CI 1.51-9.29; p = 0.0045), as compared to those not using e-cigarettes.
Discussion
It is critical for tobacco researchers to determine methods of understanding and intervening on cancer survivors who continue to smoke, despite a cancer diagnosis. While the current investigation identified several univariate correlates of current versus former cigarette use, in the multivariate model, three independent correlates of smoking status in cancer survivors were identified. First, as age of the participant increased, the probability of smoking decreased. Second, education was inversely related to tobacco use-as education increased, the use of current cigarettes decreased. However, the strongest (and only modifiable) characteristic associated with current tobacco use was the concomitant use of e-cigarettes. That is, those currently using e-cigarettes had nearly four times higher odds of being a current smoker. The findings that age and education are inversely related to current smoking are not surprising and are consistent with the rest of the literature on tobacco use in the general adult USA population. Indeed, several studies show that tobacco prevalence decreases as people age [17] [18] [19] [20] . This is probably a combination of adults quitting smoking along with smokingrelated morbidity and mortality, although the precise mechanism between the inverse relationship between age and tobacco prevalence is not fully known.
The finding that tobacco prevalence is inversely related to education is also consistent with the smoking literature in general. Both levels of education and income have been shown to be inversely related to tobacco intake [17, 18, [21] [22] [23] [24] [25] . While the mechanism(s) are not fully understood, perhaps people with higher education (and, in general, higher income) have the resources to invest in stop smoking aids, whether it be over the counter products such as nicotine replacement therapy or prescription products like varenicline (Chantix™) [23] .
However, the most dramatic set of results from the current study is the finding that cancer survivors that are current smokers had a nearly four times higher odds of using ecigarettes (OR = 3.74). Over 15% (15.2%) of cancer survivors who smoked were concomitantly using e-cigarettes, compared with 3.9% of cancer survivors who were former smokers. The rate of e-cigarette use among cancer survivors who smoke is several fold higher than the latest estimate of ecigarette use in the general adult population of 3.5% [26] . While the results are clear-the use of e-cigarettes among current cancer survivors is extremely high-what is not clear is the interpretation of these findings. One possibility is that since this was a cross-sectional study, the smokers using ecigarettes might be in the process of using e-cigarettes to quit and, had we followed this sample over time, we would see these smokers begin to quit smoking. However, equally plausible is just the opposite interpretation-that is, survivors are using e-cigarettes as a way to Bcut down^on smoking and they wind up simultaneously using both products.
There is enormous controversy and debate in the literature regarding whether e-cigarettes promote, hamper, or have no effects on the smoking cessation process in the general population of smokers [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] . On the one hand, many smokers report using e-cigarettes to help them quit. In a study conducted in Great Britain, 33% of smokers making a quit attempt used e-cigarettes to assist them in this process [37, 38] . On the other hand, in a small clinical trial, those receiving e-cigarettes were no more likely to quit smoking than those who received traditional nicotine replacement therapy in the form of the patch, or placebo e-cigarettes [39] . In a 2015 policy statement, the American Association for Cancer Research (AACR) and the American Society of Clinical Oncology (ASCO) called for oncologists to avoid recommending using e-cigarettes as a first-line therapy for smoking cessation and for strategic research on how e-cigarette use impacts the treatment and outcomes for cancer patients [40] .
What is clear, however, is that (a) cancer survivors who smoke are using e-cigarettes at rates several fold higher than the adult population and (b) cancer survivors who do not quit following the initial diagnosis of cancer are recalcitrant to smoking cessation interventions that have been shown to be effective in other populations [12] . An important next step would be to determine the efficacy and safety of using ecigarettes in promoting cessation in the special population of cancer survivors who continue to smoke. On the one hand, if e-cigarettes provide an effective Bstepping stone^to smoking cessation in this group who, medically, need to quit smoking, this would be a major advancement in the field of tobacco control for smoking cessation. If, on the other hand, e-cigarettes actually deter (decrease) smoking cessation success in this population, or the chemicals inhaled pose a significant danger to cancer survivors (e.g., interfering with treatment, increasing tumor growth), this is equally important to know. It is clear that a prospective, properly powered randomized clinical trial is needed to answer these important questions.
There are several limitations to this study that can be viewed as potential opportunities for further research. First, we asked detailed questions of current smokers about their smoking habits, but did not ask former smokers about the timing of, motivations for, and methods of quitting. Asking questions on if and how their cancer diagnosis impacted their decision to quit could inform new methods of motivating other survivors to set quit dates. Second, participants were able to self-select to complete the survey or not, leading us to skew female. In the USA, more men smoke than women [41] . It would be helpful to have more information from men to improve the generalizability of our findings. We surveyed participants who were at a cancer clinic. Most cancer survivors who are past the 5-year survival mark do not receive care at a cancer-focused clinic, limiting the information we gather from survivors further removed from their diagnosis. Additionally, we did not collect information on participants who were approached but did not consent to participate, limiting the generalizability of our results. Finally, we did not measure pack years smoked in the current study. Future studies should examine differences in pack years among cancer survivors, as this may be an indicator of tobacco cessation.
In summary, the concomitant use of e-cigarettes and cigarettes is very high among cancer survivors who continue to smoke after a cancer diagnosis. Future research should help determine if the use of e-cigarettes in this high-risk population promotes, has no effect, or hinders smoking cessation efforts.
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